Abstract. Let A, B and X be operators on a complex seperable Hilbert space such that A and B are positive. Cauchy-Schwarz norm inequality for operators asserts that
Introduction
Let B(H) denote the space of bounded linear operators on a complex separable Hilbert space H . Let . denote a unitarily invariant norm defined on a norm ideal associated with it. It has been shown by Horn and Mathias [5] 
for positive operators A, B and arbitrary X. Hiai and Zhan [4] proved that if A, B, X ∈ B(H) such that A, B are positive and r > 0, then the function
. Thus for every unitarily invariant norm, we have the following refinement of Cauchy-Schwarz norm inequality for operators
Using some basic properties of convex functions, Hu [6] obtained the following refinement of the second inequality in (2)
where v 0 = min{v, 1 − v}. Our main task in this article is to derive other improvements of Cauchy-Schwarz norm inequality with the help of the well-known Hermite-Hadamard inequality. In addition, we establish new type inequalities close to Cauchy-Schwarz norm inequality for operators.
Refinements of Cauchy-Schwarz norm inequality for operators via the convexity
Hermite-Hadamard inequality, which includes a basic property of convex functions and plays a central role in our investigation, asserts that if g is a convex real valued function on the interval
A recent refinement of the second inequality in Hermite-Hadamard inequality, due to Feng [2] , asserts that
where g is a convex real valued function on [a, b]. In the following lemma, we construct a refinement of the first inequality in the Hermite-Hadamard inequality.
LEMMA 1. Let g be a real valued function which is convex on the interval [a, b]. Then
Proof. Using Hermite-Hadamard inequality, we have
To prove the second inequality, note that
This completes the proof.
In order to derive refinements of Cauchy-Schwarz norm inequality, we apply Lemma 1 and the inequality (3) to the function 
Then it follows by applying Lemma 1 and the inequality (3) to the function
Thus, 
the inequalities in (4) follow by combining the inequalities (6) and (7) . 
Applying the inequality (3) to the function f (v) =
In 
μ 1, r > 0, and for every unitarily invariant norm,
Inequalities close to Cauchy-Schwarz norm inequality
In this section, we prove that the function Proof. Without loss of generality, we may assume that A > 0 and B > 0. Since f (v) is continuous and symmetric with respect to v = 1 2 , all the conclusions will follow after we show that and
Upon multiplication of the above two inequalities we obtain
Applying the arithmetic-geometric mean inequality to the right hand side of (11) yields (10). This completes the proof. 
A special case of the inequality (12) can be obtained as follows. 
